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(54) HUMIDITY CONTROLLER 

(57) A humidity control apparatus is provided with 
two adsorbing elements (81, 82). The humidity control 
apparatus alternately repeats a first operation for dehu- 
midifying air in the first adsorbing element (81) while re- 
generating the second adsorbing element (82) and a 
second operation for dehumidifying air in the second ad- 
sorbing element (82) while regenerating the first adsorb- 
ing element (81). The second air taken into the humidity 
control apparatus is formed of a mixture of room air and 
outside air In the humidity control apparatus, a mixture 
ratio between the room air and the outside air in the sec- 
ond air is variable. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a humidity 5 
control apparatus for controlling a humidity of air. 

BACKGROUND ART 

[0002] A humidity control apparatus for controlling a 
humidity of air by using an adsorbent is known conven- 
tionally. For example, a combination of a humidity con- 
trol apparatus of this type and an air conditioner is dis- 
closed in Japanese Patent Application Laid-open No. 
8-128681. 

[0003] To put it concretely, the humidity control appa- 
ratus described in the above official gazette includes a 
disc-shaped absorbing rotor. The adsorbing rotor is dis- 
posed astride a flow path for room air and a flow path 
for outside air and is driven for rotation about its axis. In 
other words, a portion of the adsorbing rotor is in contact 
with the room air and the rest of the rotor is in contact 
with the outside air. The adsorbing rotor is provided with 
an adsorbent. 

[0004] In the humidity control apparatus, the outside 
air is supplied to the adsorbing rotor and moisture in the 
outside air is adsorbed by the adsorbent. The heated 
room air is supplied to the adsorbing rotor and the mois- 
ture is desorbed from the adsorbent. The humidity con- 
trol apparatus sends the room air humidified by the ad- 
sorbing rotor back into the room. 

Problems to be solved 

[0005] However, there is a fear that sufficient humid- 
ifying performance cannot be obtained in the above hu- 
midity control apparatus. This point will be described. In 
the humidity control apparatus, the heated air is sent to 
the adsorbing rotor, the moisture is desorbed from the 
adsorbent, and the desorbed moisture is applied to the 
air to thereby humidify the air. At this time, the lower a 
relative humidity of the air introduced into the adsorbing 
rotor, the likelier it becomes that the moisture is des- 
orbed from the adsorbent. 

[0006] However, in the humidity control apparatus, 
the room air of a relatively high absolute humidity is 
heated and sent to the adsorbing rotor. Therefore, a rel- 
ative humidity of the room air introduced into the adsorb- 
ing rotor after heating cannot be reduced sufficiently and 
there was a fear that an amount of moisture (i.e., an 
amount of humidification) desorbed from the adsorbent 
cannot be secured. If the relative humidity of the room 
air after heating is reduced so as to secure the amount 
of humidification, a temperature of the room air after 
heating has to be increased. As a result, energy required 
for heating increases and efficiency of the humidity con- 
trol apparatus is reduced. 

[0007] The invention has been accomplished in view 



of the above points and it is an object of the invention 
to provide a high-efficiency humidity control apparatus 
in which sufficient humidifying performance can be se- 
cured. 

DISCLOSURE OF THE INVENTION 

[0008] A first means to solve the problem and taken 
by the invention is applied to a humidity control appara- 
tus for taking in air, for humidifying or dehumidifying the 
air, and for supplying the air into a room. The humidity 
control apparatus comprises adsorbing elements (81, 
82, ...) in which a humidity-control-side passage (85) for 
bringing circulating air into contact with an adsorbent 
and a heater (92) for heating air supplied to the humidity- 
control-side passage (85) of the adsorbing elements 
(81 , 82, ...) for regenerating the adsorbent. The humidity 
control apparatus carries out an adsorbing operation for 
introducing first air into the humidity-control-side pas- 
sage (85) of the adsorbing elements (81, 82,...) to 
cause the adsorbent to adsorb moisture in the first air 
and a regenerating operation for introducing second air 
which has been heated in the heater (92) into the hu- 
midity-control-side passage (85) of the adsorbing ele- 
ments (81 , 82, ...) to desorb the moisture from the ad- 
sorbent. The second air is formed of a mixture of room 
air and outside air. 

[0009] According to a second means to solve the 
problem and taken by the invention, in the first means 
to solve the problem, the adsorbing elements (81, 
82, ..,) includes a cooling-side passage (86) through 
which cooling fluid for taking heat of adsorption gener- 
ated in the humidity-control-side passage (85) during 
the adsorbing operation. 

[0010] According to a third means to solve the prob- 
lem and taken by the invention, in the second means to 
solve the problem, the second air passes through the 
cooling-side passage (86) of the adsorbing elements 
(81 , 82, .. .) as the cooling fluid and is then heated by the 
heater (92) and introduced into the humidity-control- 
side passage (85) of the adsorbing elements (81, 
82,...). 

[001 1] According to a fourth means to solve the prob- 
lem and taken by the invention, in any one of the first to 
third means to solve the problem, a plurality of adsorbing 
elements (81, 82) are provided and a first operation for 
simultaneously carrying out the adsorbing operation by 
circulating the first air through the humidity-control -side 
passage (85) of the first adsorbing element (81) and the 
regenerating operation by circulating the second air 
through the humidity-control-side passage (85) of the 
second adsorbing element (82) and a second operation 
for simultaneously carrying out the adsorbing operation 
by circulating the first air through the humidity-control- 
side passage (85) of the second adsorbing element (82) 
and the regenerating operation by circulating the sec- 
ond air through the humidity-control-side passage (85) 
of the first adsorbing element (81 ) are alternately carried 
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out. 

[001 2] According to a fifth means to solve the problem 
and taken by the invention, in any one of the first to third 
means to solve the problem, the one adsorbing element 
(200) is divided into a first portion (201) and the rest, i. 
e., a second portion (202) and the adsorbing element 
(200) is slid to thereby carry out a first operation for si- 
multaneously introducing the first air into the humidity- 
control-side passage (85) of the first portion (201 ) as the 
adsorbing operation and introducing the second air into 
the humidity-control-side passage (85) of the second 
portion (202) as the regenerating operation and a sec- 
ond operation forsimultaneously introducing the second 
air into the humidity-control-side passage (85) of thefirst 
portion (201) as the regenerating operation and intro- 
ducing the first air into the humidity-control-side pas- 
sage (85) of the second portion (202) as the adsorbing 
operation while alternately switching between the oper- 
ations. 

[0013] According to a sixth means to solve the prob- 
lem and taken by the invention, in any one of the first to 
third means to solve the problem, the adsorbing element 
(250) is formed in a shape of a disc through which the 
humidity-control-side passage (85) passes in a thick- 
ness direction and is disposed in such an attitude as to 
extend across both a flow path for the first air and a flow 
path for the second air and the adsorbing element (250) 
rotates around its central axis, introduces the first air into 
the humidity-control-side passage (85) formed in a por- 
tion of the adsorbing element (250) as the adsorbing op- 
eration, and introduces the second air into humidity-con- 
trol-side passage (85) formed in the rest of the adsorb- 
ing element (250) as the regenerating operation. 
[0014] According to a seventh means to solve the 
problem and taken by the invention, in any one of the 
first to third means to solve the problem, a mixture ratio 
between the room air and the outside air in the second 
air is adjusted based on a temperature of the room air 
and a temperature of the outside air. 
[0015] According to an eighth means to solve the 
problem and taken by the invention, in any one of the 
first to third means to solve the problem, a mixture ratio 
between the room air and the outside air in the second 
air is adjusted based on a relative humidity of the room 
air and a relative humidity of the outside air. 
[0016] According to a ninth means to solve the prob- 
lem and taken by the invention , in any one of the first to 
third means to solve the problem, a mixture ratio be- 
tween the room air and the outside air in the second air 
is adjusted based on a temperature and a relative hu- 
midity of the room air and a temperature and a relative 
humidity of the outside air. 

[001 7] According to a tenth means to solve the prob- 
lem and taken by the invention, in the second or third 
means to solve the problem, an operation in which the 
outside air is used as the first air is carried out and a 
mixture ratio between the room air and the outside air 
in the second air Is adjusted based on a temperature of 
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the room air and a temperature of the first air after flow- 
ing out of the adsorbing elements (81 , 82, . . .) during the 
operation. 

[0018] According to an eleventh means to solve the 
5 problem and taken by the invention, in the second or 
third means to solve the problem, an operation in which 
the room air is used as the first air is carried out and a 
mixture ratio between the room air and the outside air 
in the second air is adjusted based on a temperature of 
10 the outside air and a temperature of the first air after 
flowing out of the adsorbing elements (81, 82, ...) during 
the operation. 

[0019] A twelfth means to solve the problem and tak- 
en by the invention is applied to a humidity control ap- 

15 paratus for taking in air, for humidifying or dehumidifying 
the air, and for supplying the air into a room. The humid- 
ity control apparatus comprises adsorbing elements 
(311, 312) for bringing the air passing through the ad- 
sorbing elements (31 1 , 312) into contact with an adsorb- 

20 ent and for heating or cooling the adsorbent by a heating 
medium. The humidity control apparatus carries out an 
adsorbing operation for supplying first air and the heat- 
ing medium for cooling to the adsorbing elements (311 , 
312) to cause the adsorbent to adsorb moisture in the 

25 first air and a regenerating operation for supplying sec- 
ond air and the heating medium for heating to the ad- 
sorbing elements (31 1,312) to desorb the moisture from 
the adsorbent. The second air is formed of a mixture of 
room air and outside air. 

30 [0020] According to a thirteenth means to solve the 
problem and taken by the invention , in the twelfth means 
to solve the problem, a mixture ratio between the room 
air and the outside air in the second air is adjusted based 
on a temperature of the room air and a temperature of 

35 the outside air 

[0021] According to a fourteenth means to solve the 
problem and taken by the invention , in the twelfth means 
to solve the problem, a mixture ratio between the room 
air and the outside air in the second air is adjusted based 

40 on a relative humidity of the room air and a relative hu- 
midity of the outside air. 

[0022] According to a fifteenth means to solve the 
problem and taken by the invention , in the twelfth means 
to solve the problem, a mixture ratio between the room 
45 air and the outside air in the second air is adjusted based 
on a temperature and a relative humidity of the room air 
and a temperature and a relative humidity of the outside 
air. 

so Operation 

[0023] In the first means to solve the problem, in the 
humidity control apparatus, the adsorbing operation and 
the regenerating operation are carried out. In the ad- 
55 sorbing operation, the first air is introduced into the hu- 
midity-control-side passage (85) of the adsorbing ele- 
ment (81, 82, ...). Thefirst air comes in contact with the 
adsorbent while flowing through the humidity-control- 



3 



5 



EP 1 450 113 A1 



6 



side passage (85) and water vapor in the first air is ad- 
sorbed by the adsorbent. On the other hand, in the re- 
generating operation , the second air heated by the heat- 
er (92) is introduced into the humidity-control-side pas- 
sage (85) of the adsorbing elements (81, 82 t ...). If the 
high -temperature second air comes in contact with the 
adsorbent, water vapor is desorbed from the adsorbent. 
In other words, the adsorbent is regenerated. The water 
vapor desorbed from the adsorbent is applied to the sec- 
ond air. 

[0024] In the humidity control apparatus according to 
the present means to solve the problem, the second air 
is the mixture of the outside air and the room air. In other 
words, in the humidity control apparatus, the outside air 
and the room air are taken in, mixed, and then sent to 
the heater (92) and the adsorbing elements (81, 82, ...) 
as the second air. 

[0025] The humidity control apparatus according to 
the present means to solve the problem dehumidifies or 
humidifies the air supplied into the room. In other words, 
the humidity control apparatus carries out an operation 
for supplying the first air from which water vapor has 
been taken by the adsorbing elements (81, 82, ...) and 
which has been dehumidified into the room or an oper- 
ation for supplying the second air which has been ap- 
plied with water vapor desorbed from the adsorbing el- 
ements (81, 82, ...) and which has been humidified into 
the room. The humidity control apparatus may carry out 
the operation for supplying the dehumidified first air into 
the room and the operation for supplying the humidified 
second air into the room while switching between the 
operations. 

[0026] In the second means to solve the problem, the 
adsorbing elements (81, 82, ...) is provided with the 
cooling-side passage (86). In the cooling-side passage 
(86), the cooling fluid circulates in the adsorbing opera- 
tion. In other words, when the water vapor in the first air 
is adsorbed by the adsorbent, heat of adsorption is gen- 
erated. If the temperature of the first air is increased by 
the heat of adsorption and the relative humidity of the 
first air reduces, the water vapor in the first air becomes 
less likely to be adsorbed by the adsorbent. Therefore, 
the cooling fluid is circulated through the cooling-side 
passage (86) of the adsorbing elements (81, 82, ...) to 
cause the generated heat of adsorption to be absorbed 
by the cooling fluid. Thus, the increase in the tempera- 
ture of the first air is suppressed to suppress the reduc- 
tion of the relative humidity to thereby secure an amount 
of moisture adsorbed by the adsorbent. 
[0027] In the third means to solve the problem, the 
second air which has passed the cooling-side passage 
(86) of the adsorbing elements (81 , 82, ...) and the heat- 
er (92) in order is sent into the humidity-control-side pas- 
sage (85) of the adsorbing elements (81, 82). In other 
words, in the present means to solve the problem, the 
second air is first introduced into the cooling-side pas- 
sage (86) of the adsorbing elements (81, 82, ...). The 
second air flows through the cooling-side passage (86) 



as the cooling fluid and absorbs the heat of adsorption 
generated in the humidity-control-side passage (85). 
Then, the second air is further heated by the heater (92) 
and sent into the humidity-control-side passage (85). 
s [0028] In the fourth means to solve the problem, at 
least two adsorbing elements (81, 82, ...) are provided 
to the humidity control apparatus. The humidity control 
apparatus of the present means to solve the problem 
alternately carries out the first operation and the second 
10 operation. In the first operation, the adsorbing operation 
with regard to the first adsorbing element (81) is carried 
out and the regenerating operation with regard to the 
second adsorbing element (82) is carried out. On the 
other hand, in the second operation, in a manner re- 
's verse to the first operation, the adsorbing operation with 
regard to the second adsorbing element (82) is carried 
out and the regenerating operation with regard to the 
first adsorbing element (81 ) is carried out. 
[0029] In the fifth means to solve the problem, the one 
adsorbing element (200) is divided into two portions. In 
the humidity control apparatus of the present means to 
solve the problem, the first operation and the second 
operation are carried out alternately. In the first opera- 
tion, the adsorbing operation with regard to the first por- 
tion (201) of the adsorbing element (200) is carried out 
and the regenerating operation with regard to the sec- 
ond portion (202) is carried out. On the other hand, in 
the second operation, in a manner reverse to the first 
operation, the adsorbing operation with regard to the 
second portion (202) of the adsorbing element (200) is 
carried out and the regenerating operation with regard 
to the first portion (201) is carried out. 
[0030] In the humidity control apparatus of the present 
means to solve the invention, the adsorbing element 
(200) is slid to switch between the first operation and the 
second operation. For example, the humidity control ap- 
paratus continues the first operation for a while in a state 
in which the first portion (201 ) of the adsorbing element 
(200) extends across the flow path for the first air and 
the second portion (202) extends across the flow path 
for the second air. Then, the adsorbing element (200) is 
moved to start the second operation in a state in which 
the first portion (201) extends across the flow path for 
the second air and the second portion (202) extends 
across the flow path for the first air. Then, after contin- 
uing the second operation for a while, the adsorbing el- 
ement (200) is moved again to carry out the first opera- 
tion. 

[0031] In the sixth means to solve the problem, the 
adsorbing element (250) is formed in a disc shape. The 
adsorbing element (250) is formed with the humidity- 
control-side passage (85) which passes through the ad- 
sorbing element (250) in the thickness direction. The ad- 
sorbing element (250) is disposed in such an attitude as 
to extend across the flow path for the first air and the 
flow path for the second air and is driven for rotation 
around its central axis. With regard to the adsorbing el- 
ement (250), the first air flows through the humidity-con- 
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trol-side passage (85) to carry out the adsorbing oper- 
ation in the portion extending across the flow path for 
the first air. In the portion extending across the flow path 
for the second air, the second airflows through the hu- 
midity-control-side passage (85) to carry out the regen- s 
erating operation. By rotating the adsorbing element 
(250), the adsorbing operation and the regenerating op- 
eration are carried out simultaneously in parallel. 
[0032] In the seventh and thirteenth means to solve 
the problem, the mixture ratio between the room air and 
the outside air forming the second air is variable. The 
mixture ratio between the room air and the outside air 
is adjusted in view of the temperatures of the room air 
and the outside air. 

[0033] Intheeighth and fourteenth means to solve the 
problem, the mixture ratio between the room air and the 
outside air forming the second air is variable. The mix- 
ture ratio between the room air and the outside air is 
adjusted in view of the relative humidities of the room 
air and the outside air. 

[0034] In the ninth and fifteenth means to solve the 
problem, the mixture ratio between the room air and the 
outside air forming the second air is variable. The mix- 
ture ratio between the room air and the outside air is 
adjusted in view of the temperature and the relative hu- 
midity of the room air and the temperature and the rel- 
ative humidity of the outside air. Here, if a temperature 
and a relative humidity of air are known, an absolute hu- 
midity of the air can be derived. Therefore, in the present 
means to solve the problem, by deriving the absolute 
humidity from the temperature and the relative humidity 
of the air by computing or the like, the mixture ratio be- 
tween the room air and the outside air may be adjusted 
in view of the absolute humidities of the room air and 
the outside air. 

[0035] In the tenth means to solve the problem, the 
mixture ratio between the room air and the outside air 
forming the second air is variable. In the present means 
to solve the problem, an operation in which the taken-in 
outside air is used as the first air and the first air is in- 
troduced into the humidity-control-side passage (85) of 
the adsorbing element (81, 82, ...) is carried out. How- 
ever, the humidity control apparatus of the present 
means to solve the problem may carry out an operation 
other than this operation. 

[0036] In the adsorbing elements (81, 82, ..,) of the 
present means to solve the problem, the first air in the 
humidity-control-side passage (85) and cooling fluid in 
the cooling-side passage (86) carry out heat exchange 
with each other. Therefore, in view of performance of 
heat exchange of the adsorbing elements (81, 82, ...), 
the temperature of the first air before flowing out into the 
humidity-control-side passage (85), i.e., the tempera- 
ture of the outside air can be assumed based on the 
temperature of the first air after flowing out of the humid- 
ity-control-side passage (85) of the adsorbing elements 
(81, 82, ...). Therefore, in the present means to solve 
the problem, by using the temperature of the first air after 



flowing out of the humidity-control -side passage (85) in- 
stead of the temperature of the outside air, the mixture 
ratio between the room air and the outside air is adjusted 
based on the temperature of the first air and the temper- 
ature of the room air. 

[0037] In the eleventh means to solve the problem, 
the mixture ratio between the room air and the outside 
air forming the second air is variable. In the present 
means to solve the problem, an operation in which the 
taken-in room air is used as the first air and the first air 
is introduced into the humidity-control-side passage 
(85) of the adsorbing elements (81 , 82, ...) is carried out. 
However, the humidity control apparatus of the present 
means to solve the problem may carry out an operation 
other than this operation. 

[0038] In the adsorbing elements (81, 82, ...) of the 
present means to solve the problem, the first air in the 
humidity-control -side passage (85) and cooling fluid in 
the cooling-side passage (86) carry out heat exchange 
with each other. Therefore, in view of performance of 
heat exchange of the adsorbing elements (81, 82, ...), 
the temperature of the first air before flowing out into the 
humidity-control-side passage (85), i.e., the tempera- 
ture of the room air can be assumed based on the tem- 
perature of the first air after flowing out of the humidity- 
control-side passage (85) of the adsorbing elements 
(81, 82, ...). Therefore, in the present means to solve 
the problem, by using the temperature of the first air after 
flowing out of the humidity-control-side passage (85) in- 
stead of the temperature of the room air, the mixture ra- 
tio between the room air and the outside air is adjusted 
based on the temperature of the first air and the temper- 
ature of the outside air. 

[0039] In the twelfth means to solve the problem, the 
adsorbing operation and the regenerating operation are 
carried out in the humidity control apparatus. In the ad- 
sorbing operation, the first air and the heating medium 
for cooling are sent into the adsorbing elements (311, 
312). In the adsorbing elements (311, 312) during the 
adsorbing operation, moisture in the first air is adsorbed 
by the adsorbent. The heat of adsorption generated at 
this time is absorbed by the heating medium for cooling. 
On the other hand, in the regenerating operation, the 
second air and the heating medium for heating are sent 
into the adsorbing elements (31 1 , 31 2). I n the adsorbing 
elements (311, 312) during the regenerating operation, 
the adsorbent is heated by the heating medium for heat- 
ing and the moisture is desorbed from the adsorbent. In 
other words, the adsorbent is regenerated. The water 
vapor desorbed from the adsorbent is applied to the sec- 
ond air. 

[0040] In the humidity control apparatus of the prevent 
means to solve the problem, the second air is the mix- 
ture of the outside air and the room air. In other words, 
in the humidity control apparatus, the outside air and the 
room air are taken in, mixed, and then sent to the heater 
(92) and the adsorbing elements (31 1,312) as the sec- 
ond air. 
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[0041] The humidity control apparatus of the present 
means to solve the problem dehumidifies or humidifies 
the air supplied into the room. In other words, the hu- 
midity control apparatus carries out an operation for 
supplying the first air from which water vapor has been 
taken by the adsorbing elements (311 , 312) and which 
has been dehumidified into the room or an operation for 
supplying the second air which has been applied with 
water vapor desorbed from the adsorbing elements 
(31 1 , 312) and which has been humidified into the room. 
The humidity control apparatus may carry out the oper- 
ation for supplying the dehumidified first air into the room 
and the operation for supplying the humidified second 
air into the room while switching between the opera- 
tions. 

Effects 

[0042] In the invention, the second air sent to the ad- 
sorbing elements (81, 82, ...) for regenerating the ad- 
sorbent is the mixture of the room air and the outside 
air. Here, if only one of the room air and the outside air 
is used as the second air, the temperature and the hu- 
midity of the second air are uniquely determined by a 
state of the room air or the outside air. On the other hand, 
according to the invention, the mixture of the room air 
and the outside air is used as the second air. Conse- 
quently, the temperature and the humidity of the second 
air can be changed if necessary. Therefore, according 
to the invention, by appropriately setting a state of the 
second air, it is possible to keep efficiency of the humid- 
ity control apparatus high and to ensure sufficient per- 
formance of humidification. 

[0043] In the second means to solve the problem, the 
cooling-side passage (86) is formed in the adsorbing el- 
ements (81, 82, ...) to cause the cooling fluid to absorb 
the heat of adsorption generated in the adsorbing oper- 
ation. Therefore, according to the present means to 
solve the problem, it is possible to suppress an increase 
in a temperature of the first air due to the generated heat 
of adsorption. As a result, a relative humidity of the first 
air flowing through the humidity-control-side passage 
(85) of the adsorbing elements (81, 82, ...) can be main- 
tained at a high value and an amount of water vapor 
adsorbed by the adsorbent can be increased. 
[0044] In the third means to solve the problem, the 
second air is first introduced into the cooling-side pas- 
sage (86) of the adsorbing elements (81, 82, ...) as the 
cooling fluid and the second air flowing out of the cool- 
ing-side passage (86) is heated by the heater (92). In 
other words, the second air used for regeneration of the 
adsorbing elements (81 , 82, ...) is heated not only in the 
heater (92) but also in the cooiing-side passage (86) of 
the adsorbing elements (81, 82, ...). Therefore, accord- 
ing to the present means to solve the problem, an 
amount of heat which should be given to the second air 
by the heater (92) can be reduced and energy required 
for operation of the humidity control apparatus can be 



10 
reduced. 

[0045] In the twelfth means to solve the problem, the 
heating medium for cooling is introduced into the ad- 
sorbing elements (311, 312, ...) in the adsorbing opera- 
5 tion to cause the heating medium to absorb the heat of 
adsorption generated in the adsorbing operation. There- 
fore, according to the present means to solve the prob- 
lem, it is possible to suppress an increase in a temper- 
ature of the first air due to the generated heat of adsorp- 
10 tion. As a result, a relative humidity of the first air passing 
through the adsorbing elements (311, 312, ...) can be 
maintained at a high value and an amount of water vapor 
adsorbed by the adsorbent can be increased. 
[0046] Especially in the seventh to eleventh and thir- 
teenth and fifteenth means to solve the problem, the 
mixture ratio between the room air and the outside air 
forming the second air is appropriately adjusted by using 
various parameters. Therefore, according to these 
means to solve the problem, a state of the second air 
used for regeneration of the adsorbent can be set further 
appropriately to thereby enhance efficiency and per- 
formance of humidification of the humidity control appa- 
ratus. 
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25 BRIEF DESCRIPTION OF THE DRAWINGS 
[0047] 

Figs. 1 (a) to 1 (c) are schematic perspective view 
30 showing a structure of an essential portion of a hu- 
midity control apparatus according to an embodi- 
ment 1 . 

Fig. 2 is a schematic perspective view showing an 
adsorbing element of the humidity control appara- 
35 tus according to the embodiment 1 . 

Figs. 3(a) and 3(b) are schematic perspective view 
showing a structure of an essential portion of a hu- 
midity control apparatus according to an embodi- 
ment 2. 

40 Fig. 4 is a schematic perspective view showing an 
adsorbing element of a humidity control apparatus 
according to an embodiment 3. 
Figs. 5(a) and 5(b) are schematic block diagram 
showing a structure of a humidity control apparatus 

45 according to the embodiment 3. 

Fig. 6 is a schematic perspective view showing an 
adsorbing element of a humidity control apparatus 
according to an embodiment 4. 
Fig. 7 is a schematic block diagram showing a struc- 

50 ture of the humidity control apparatus according to 
the embodiment 4. 

Fig. 8 is a pipeline diagram showing a structure of 
a humidity control apparatus according to an em- 
bodiment 5. 

55 Figs. 9(a) and 9(b) are schematic perspective view 
showing an adsorptive heat exchanger of a humid- 
ity control apparatus according to the embodiment 
5. 



6 



11 



EP1 450 113 A1 



12 



BEST MODE FOR CARRYING OUT THE INVENTION 

[0048] Embodiments of the present invention will be 
described below in detail based on the drawings. In the 
following description, words, "upper", "lower", "left", s 
"right", "forward", "backward", "front", "back" mean di- 
rections in the drawings which are referred to. 

<Embodiment 1 of the invention> 

[0049] A humidity control apparatus according to the 
embodiment 1 is formed to carry out a dehumidifying 
operation forsupplying dehumidified and cooled outside 
air into a room and a humidifying operation for supplying 
heated and humidified outside air into the room while 
switching between the operations. The humidity control 
apparatus includes two adsorbing elements (81 , 82) and 
carries out an operation of a so-called batch type. 
[0050] As shown in Fig. 1, the respective adsorbing 
elements (81 , 82) are formed into shapes of square col- 
umns. Specific structures of the adsorbing elements 
(81 , 82) will be described later. The two adsorbing ele- 
ments (81, 82) are arranged on the left and right and 
housed in a casing outside the drawing. 
[0051] To put it concretely, in the casing of the humid- 
ity control apparatus, the first adsorbing element (81) is 
disposed on the right side and the second adsorbing el- 
ement (82) is disposed on the left side. These adsorbing 
elements (81, 82) are disposed such that their longitu- 
dinal directions are parallel to each other. These adsorb- 
ing elements (81 , 82) are disposed in such attitudes that 
their end faces form rhombuses formed by rotating 
squares by 45°. In other words, the respective adsorb- 
ing elements (81 , 82) are disposed in such attitudes that 
ones of diagonal lines of the end faces are in a straight 
line. Furthermore, the respective adsorbing elements 
(81 , 82) are disposed to be rotatable around axes pass- 
ing through centers of the end faces. 
[0052] Spaces on the left and right of the respective 
adsorbing elements (81 , 82) are respectively partitioned 
into upper and lower spaces. In a portion between both 
the adsorbing elements (81 , 82) in the lower space out 
of these upper and lower spaces, a regenerative heat 
exchanger (92) is disposed. The regenerative heat ex- 
changer (92) is disposed in such an attitude that its lon- 
gitudinal direction is parallel to the longitudinal direc- 
tions of the adsorbing elements (81, 82). The regener- 
ative heat exchanger (92) is connected to a refrigerant 
circuit outside the drawing. The refrigerant circuit in- 
cludes a compressor and the like, is filled with a refrig- 
erant, and carries out a vapor-compression refrigeration 
cycle by circulating the refrigerant. In the refrigeration 
cycle of the refrigerant circuit, the regenerative heat ex- 
changer (92) functions as a condenser for the refriger- 
ant. 

[0053] As shown in Fig. 2, the adsorbing elements 
(81 , 82) are formed by alternately laminating square flat 
plate members (83) and corrugated plate members (84) . 



The corrugated plate members (84) are laminated in 
such attitudes that ridge line directions of the adjacent 
corrugated plate members (84) are displaced from each 
other by 90°. The adsorbing elements (81, 82) are 
formed into shapes of square columns. In other words, 
the end faces of the respective adsorbing elements (81 , 
82) are formed into squares similar to the flat plate mem- 
bers (83). 

[0054] In the adsorbing elements (81, 82), humidity- 
control-side passages (85) and cooling-side passages 
(86) are defined alternately in a direction of layers of the 
flat plate members (83) and corrugated plate members 

(84) such that each the flat plate member (83) is sand- 
wiched between the humidity-control-side passages 

(85) and cooling-side passages (86). In the adsorbing 
elements (81, 82), the humidity-control-side passages 
(85) are open in a pair of opposed side faces and the 
cooling-side passages (86) are open in the other pair of 
opposed side faces. Surfaces of the flat plate members 
(83) facing the humidity-control-side passages (85) and 
surfaces of the corrugated plate members (84) provided 
in the humidity-control-side passages (85) are coated 
with an adsorbent for adsorbing water vapor. As this 
type of adsorbent, silica gel, zeolite, ion-exchange resin, 
and the like can be employed, for example. 

[0055] In the casing of the humidity control apparatus, 
air flow paths through which first air and second air flow 
are formed. In the casing, a damper mechanism for 
switching a circulating route of air and a fan for circulat- 
ing air through the air flow paths are housed (not 
shown). The humidity control apparatus is formed as fol- 
lows by including the damper mechanism. 
[0056] To put it concretely, the humidity control appa- 
ratus can switch between a state in which the first air 
and the second air are sent to the first adsorbing ele- 
ment (81 ) and a state in which thef irst air and the second 
air are sent to the second adsorbing element (82). The 
humidity control apparatus can switch between a state 
in which outside air is taken in as the first air and sup- 
plied into the room after passing through the adsorbing 
elements (81 , 82) and a state in which room air is taken 
in as the first air and discharged outside the room after 
passing through the adsorbing elements (81, 82). The 
humidity control apparatus takes in the room air and out- 
side air and uses a mixture of them as second air. The 
humidity control apparatus can switch between a state 
in which the second air flowing out of the adsorbing el- 
ements (81 , 82) is discharged outside the room and a 
state in which the second air is supplied into the room. 
[0057] The humidity control apparatus is provided 
with a temperature sensor for detecting a temperature 
of the room air and a temperature sensor for detecting 
a temperature of the outside air. The humidity control 
apparatus adjusts a mixture ratio between the room air 
and the outside air in the second air based on temper- 
atures detected by both the temperature sensors. 
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Operation 

[0058] As described above, the humidity control ap- 
paratus takes in the first air and the second air and car- 
ries out the dehumidifying operation and the humidifying 5 
operation while switching between the operations. The 
humidity control apparatus carries out the dehumidifying 
operation and the humidifying operation by alternately 
repeating a first operation and a second operation. 
[0059] The humidity control apparatus takes in the 
outside air as the first air during the dehumidifying op- 
eration and takes in the room air as the first air during 
the humidifying operation. On the other hand, the hu- 
midity control apparatus uses a mixture of the room air 
and the outside air as the second air during both the 
dehumidifying operation and the humidifying operation. 

« First operation» 

[0060] In the first operation, an adsorbing operation 
with regard to the first adsorbing element (81 ) and a re- 
generating operation with regard to the second adsorb- 
ing element (82) are carried out. In other words, in the 
first operation, the first air is dehumidified by the first 
adsorbing element (81 ) and the adsorbent in the second 
adsorbing element (82) is regenerated. 
[0061] As shown in Fig. 1(a), in the first operation, the 
first adsorbing element (81) and the second adsorbing 
element (82) are in such attitudes that side faces in 
which the humidity-control-side passages (85) are open 
are positioned on upper left sides and lower right sides 
and that side faces in which the cooling-side passages 
(86) are open are positioned on upper right sides and 
lower left sides. 

[0062] In this state, the first air is introduced from a 
lower right side face of the first adsorbing element (81) 
into the humidity-control-side passages (85). In the hu- 
midity-control-side passages (85), the first airflows from 
the lower right side toward the upper left side and water 
vapor included in the first air is adsorbed by the adsorb- 
ent. The first air dehumidified in the humidity-control- 
side passages (85) flows out of the upper left side face 
of the first adsorbing element (81). The first air flowing 
out of the first adsorbing element (81) is supplied into 
the room during the dehumidifying operation and is dis- 
charged outside the room during the humidifying oper- 
ation. 

[0063] On the other hand, the second air is introduced 
from the upper right side face of the first adsorbing ele- 
ment (81) into the cooling-side passages (86). In the 
cooling-side passages (86), the second air flows from 
the upper right side toward the lower left side and ab- 
sorbs heat of adsorption generated in the humidity-con- 
trol-side passages (85). In other words, the second air 
flows through the cooling-side passages (86) as cooling 
fluid. Then, the second airflows out of the first adsorbing 
element (81) and is sent to the regenerative heat ex- 
changer (92). In the regenerative heat exchanger (92), 
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the second air is heated by heat exchange with the re- 
frigerant. 

[0064] The second air heated in the first adsorbing el- 
ement (81) and the regenerative heat exchanger (92) is 
introduced from the lower right side face of the second 
adsorbing element (82) into the humidity-control-side 
passages (85). In the humidity-control-side passages 
(85), the second air flows from the lower right side to- 
ward the upper left side. In the humidity-control-side 
passages (85), the adsorbent is heated by the second 
air and water vapor is desorbed from the adsorbent. In 
other words, regeneration of the adsorbent is carried 
out. Water vapor desorbed from the adsorbent flows out 
of the second adsorbing element (82) together with the 
second air. The second air to which water vapor is ap- 
plied in the second adsorbing element (82) is dis- 
charged outside the room during the dehumidifying op- 
eration and supplied into the room during the humidify- 
ing operation. 

«Second operation» 

[0065] The first operation is continued for a while and 
then, the second operation is carried out. In the second 
operation, an adsorbing operation with regard to the 
second adsorbing element (82) and a regenerating op- 
eration with regard to the first adsorbing element (81) 
are carried out. 

[0066] In order to switch from the first operation to the 
second operation, the first adsorbing element (81) and 
the second adsorbing element (82) are rotated by 90° 
as shown in Fig. 1(b). As shown in Fig. 1(c), the first 
adsorbing element (81) and the second adsorbing ele- 
ment (82) are in such attitudes that the side faces in 
which the humidity-control-side passages (85) are open 
are positioned on the upper right sides and the lower left 
sides and that the side faces in which the cooling-side 
passages (86) are open are positioned on the upper left 
sides and the lower right sides. 

[0067] In this state, the first air is introduced from the 
lower left side face of the second adsorbing element (82) 
into the humidity-control-side passages (85). In the hu- 
midity-control-side passages (85), the first air flows from 
the lower left side toward the upper right side and water 
vapor included in the first air is adsorbed by the adsorb- 
ent. The first air dehumidified in the humidity-control- 
side passages (85) flows out from the upper right side 
face of the second adsorbing element (82). The first air 
flowing out of the second adsorbing element (82) is sup- 
plied into the room during the dehumidifying operation 
and discharged outside the room during the humidifying 
operation. 

[0068] On the other hand, the second air is introduced 
from the upper left side face of the second adsorbing 
element (82) into the cooling-side passages (86). In the 
cooling-side passages (86), the second air flows from 
the upper left side toward the lower right side and ab- 
sorbs heat of adsorption generated in the humidity-con- 
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trol-side passages (85). In other words, the second air 
flows through the cooling-side passages (86) as cooling 
fluid. Then, the second airflows out of the first adsorbing 
element (81) and is sent to the regenerative heat ex- 
changer (92). In the regenerative heat exchanger (92), 5 
the second air is heated by heat exchange with the re- 
frigerant. 

[0069] The second air heated in the second adsorbing 
element (82) and the regenerative heat exchanger (92) 
is introduced from the lower left side face of the first ad- 
sorbing element (81) into the humidity-control-side pas- 
sages (85). In the humidity-control-side passages (85), 
the second air flows from the lower left side toward the 
upper right side. In the humidity-control-side passages 
(85), the adsorbent is heated by the second air and wa- 
ter vapor is desorbed from the adsorbent. In other 
words, regeneration of the adsorbent is carried out. The 
water vapor desorbed from the adsorbent flows out of 
the first adsorbing element (81 ) together with the second 
air. The second air to which water vapor is applied in the 
first adsorbing element (81) is discharged outside the 
room during the dehumidifying operation and supplied 
into the room during the humidifying operation. 
[0070] As described above, the first air is dehumidi- 
fied in the second adsorbing element (82) and the ad- 
sorbent in the first adsorbing element (81) is regenerat- 
ed in the second operation. After the second operation 
is continued for a while, the first operation is carried out 
again. 

«Operation for adjusting the mixture ratio» 

[0071] As described above, the mixture of the room 
air and the outside air is used as the second air in the 
above humidity control apparatus. In the humidity con- 
trol apparatus, the mixture ratio between the room air 
and the outside air in the second air is adjusted based 
on temperatures of the room air and the outside air. 
[0072] For example, in order to secure an amount of 
humidification during the humidifying operation, it is re- 
quired that an absolute humidity of the second air sup- 
plied into the room is increased to be as high as possi- 
ble. In general, it is assumed that, the higher a temper- 
ature of air, the higher an absolute humidity of the air is. 
Therefore, in such a case, a proportion of one of the 
room air and the outside air of a higher temperature is 
increased so as to increase the absolute humidity of the 
second air. 

[0073] In order to reduce an amount of heating in the 
regenerative heat exchanger (92) to reduce energy con- 
sumption of the humidity control apparatus, the higher 
temperature of the second air is advantageous. There- 
fore, in such a case, a proportion of one of the room air 
and the outside air of a higher temperature is increased 
so as to increase the temperature of the second air. 
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Effects of the embodiment 1 

[0074] In the present embodiment, the mixture of the 
room air and the outside air is employed as the second 
air and the mixture ratio between the room air and the 
outside air is variable. Here, if only one of the room air 
and the outside air is used as the second air, the tem- 
perature and the humidity of the second air are uniquely 
determined by a state of the room air or the outside air. 
On the other hand, according to the embodiment, by ad- 
justing the mixture ratio between the room air and the 
outside air constituting the second air, the temperature 
and the humidity of the second air can be changed if 
necessary. Therefore, according to the embodiment, by 
appropriately setting a state of the second air, it is pos- 
sible to enhance efficiency of the humidity control appa- 
ratus and to ensure performance of the humidity control 
apparatus for controlling the humidity. 
[0075] In the embodiment, the cooling-side passages 
(86) are formed in the adsorbing elements (81, 82) to 
cause the second air to absorb the heat of adsorption 
generated in the adsorbing operation. Therefore, ac- 
cording to the embodiment, it is possible to suppress an 
increase in a temperature of the first air due to the gen- 
erated heat of adsorption. As a result, a relative humidity 
of the first air flowing through the humidity-control-side 
passages (85) of the adsorbing elements (81 , 82) can 
be maintained at a high value and an amount of water 
vapor adsorbed by the adsorbent can be increased. 
[0076] In the embodiment, the second air is first intro- 
duced into the cooling-side passages (86) of the adsorb- 
ing elements (81 , 82) as the cooling fluid and the second 
air flowing out of the cooling-side passages (86) is heat- 
ed by the regenerative heat exchanger (92). In other 
words, the second air used for regeneration of the ad- 
sorbing elements (81, 82) is heated not only by the re- 
generative heat exchanger (92) but also by the heat of 
adsorption generated in the adsorbing elements (81, 
82). Therefore, according to the embodiment, an 
amount of heat which should be given to the second air 
by the regenerative heat exchanger (92) can be reduced 
and energy required for operation of the humidity control 
apparatus can be reduced. 



[0077] A humidity control apparatus according to the 
embodiment includes two adsorbing elements (81 , 82), 
carries out an operation of a batch type, and is formed 
to carry out a dehumidifying operation and a humidifying 
operation while switching between the operations. In the 
humidity control apparatus, the second air is formed of 
a mixture of room air and outside air and a mixture ratio 
between the room air and the outside air in the second 
air is adjusted based on temperatures of room and out- 
side air, which is similar to the above embodiment 1 . 
[0078] In the humidity control apparatus of the present 
embodiment, however, a switch between a first opera- 



15 



20 



25 



30 



35 



40 



45 <Embodiment 2 of the invention> 



50 



9 



17 



EP1 450 113 A1 



18 



tion and a second operation is carried out while keeping 
the adsorbing elements (81, 82) fixed. Here, structures 
of the humidity control apparatus of the embodiment 
which are different from those of the embodiment 1 will 
be described. 

[0079] As shown in Fig. 3, the two adsorbing elements 
(81 , 82) are arranged on the left and right in a casing of 
the humidity control apparatus, which is similar to the 
embodiment 1 . Structures of the respective adsorbing 
elements (81, 82) are similar to those of the embodiment 
1. The first adsorbing element (81) positioned on the 
right side is disposed in such an attitude that side faces 
in which humidity-control-side passages (85) are open 
are positioned on an upper left side and a lower right 
side and that side faces in which cooling-side passages 
(86) are open are positioned on an upper right side and 
a lower left side. On the other hand, the second adsorb- 
ing element (82) positioned on the left side is disposed 
in such an attitude that side faces in which humidity-con- 
trol-side passages (85) are open are positioned on an 
upper right side and a lower left side and that side faces 
in which cooling-side passages (86) are open are posi- 
tioned on an upper left side and a lower right side. 
[0080] Spaces on the left and right of the respective 
adsorbing elements (81 , 82) are respectively partitioned 
into upper and lower spaces, which is similar to the em- 
bodiment 1 . In the embodiment, the regenerative heat 
exchanger (92) is disposed substantially in a horizontal 
attitude between the first adsorbing element (81) and 
the second adsorbing element (82). In other words, up- 
per and lower portions of the space between both the 
adsorbing elements (81, 82) communicate with each 
other through the regenerative heat exchanger (92). 
[0081] On the regenerative heat exchanger (92), a 
switching shutter (160) is disposed to cover the regen- 
erative heat exchanger (92). The switching shutter (1 60) 
has a shutter plate (162) and a pair of side plates (161). 
[0082] Each the side plate (161) is formed in a shape 
of a semicircular plate. A diameter of each the side plate 

(161) is substantially the same as a lateral width of the 
regenerative heat exchanger (92). One side plate (161) 
is provided along each of end faces on front and back 
sides of the regenerative heat exchanger (92). On the 
other hand, the shutter plate (162) is formed in a shape 
of a curved plate extending from the one side plate (1 61 ) 
to the other and curved along peripheral edges of the 
respective side plates (161). A central angle of a curved 
surface of the shutter plate (162) is 90° and the shutter 
plate (162) covers a half portion of the regenerative heat 
exchanger (92) in a lateral direction. The shutter plate 

(162) moves along peripheral edges of the side plates 
(161). 

[0083] The switching shutter (160) is switched be- 
tween a state in which the shutter plate (162) covers a 
right half of the regenerative heat exchanger (92) (see 
Fig. 3(a)) and a state in which the shutter plate (162) 
covers a left half of the regenerative heat exchanger (92) 
(see Fig. 3(b)). 



Operation 

[0084] As described above, the humidity control ap- 
paratus takes in the first air and the second air and car- 
5 ries outthedehumidifying operation and the humidifying 
operation while switching between the operations. The 
humidity control apparatus carries out the dehumidifying 
operation and the humidifying operation by alternately 
repeating a first operation and a second operation. 
[0085] The humidity control apparatus takes in the 
outside air as the first air during the dehumidifying op- 
eration and takes in the room air as the first air during 
the humidifying operation. On the other hand, the hu- 
midity control apparatus uses a mixture of the room air 
and the outside air as the second air during both the 
dehumidifying operation and humidifying operation. Op- 
eration for adjusting mixture of the room air and the out- 
side air is similar to that in the embodiment 1 . 



[0086] In the first operation, an adsorbing operation 
with regard to the first adsorbing element (81) and a re- 
generating operation with regard to the second adsorb- 
ing element (82) are carried out. In other words, in the 
first operation, moisture in the first air is adsorbed by the 
first adsorbing element (81) and moisture desorbed 
from the second adsorbing element (82) is applied to 
the second air. 

[0087] As shown in Fig. 3(a), during the first opera- 
tion, the shutter plate (162) is in such a position as to 
cover the right half of the regenerative heat exchanger 
(92) in the switching shutter (160). In this state, the cool- 
ing-side passages (86) of the first adsorbing element 
(81) and the humidity-control-side passages (85) of the 
second adsorbing element (82) communicate with each 
other. 

[0088] The first air is introduced from the lower right 
side face of the first adsorbing element (81 ) into the hu- 
midity-control-side passages (85). In the humidity-con- 
trol-side passages (85), the first air flows from the lower 
right side toward the upper left side and water vapor in- 
cluded in the first air is adsorbed by the adsorbent. The 
first air dehumidified in the humidity-control-side pas- 
sages (85) flows out of the upper left side face of the 
first adsorbing element (81). The first air flowing out of 
the first adsorbing element (81 ) is supplied into the room 
during the dehumidifying operation and is discharged 
outside the room during the humidifying operation. 
[0089] On the other hand, the second air is introduced 
from the upper right side face of the first adsorbing ele- 
ment (81) into the cooling-side passages (86). In the 
cooling-side passages (86), the second air flows from 
the upper right side toward the lower left side and ab- 
sorbs heat of adsorption generated in the humidity-con- 
trol-side passages (85). In other words, the second air 
flows through the cooling-side passages (86) as cooling 
fluid. Then, the second airflows out of the first adsorbing 
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element (81) and is sent to the regenerative heat ex- 
changer (92). In the regenerative heat exchanger (92), 
the second air is heated by heat exchange with the re- 
frigerant. 

[0090] The second air heated in the first adsorbing el- 5 
ement (81) and the regenerative heat exchanger (92) is 
introduced from the upper right side face of the second 
adsorbing element (82) into the humidity-control-side 
passages (85). In the humidrty-control-side passages 
(85), the second air flows from the upper right side to- 
ward the lower left side. In the humidity -control-side pas- 
sages (85), the adsorbent is heated by the second air 
and water vapor is desorbed from the adsorbent. In oth- 
er words, regeneration of the adsorbent is carried out. 
Water vapor desorbed from the adsorbent flows out of 
the second adsorbing element (82) together with the 
second air. The second air to which water vapor is ap- 
plied in the second adsorbing element (82) is dis- 
charged outside the room during the dehumidifying op- 
eration and supplied into the room during the humidify- 
ing operation. 

«Second operation» 

[0091] The first operation is continued for a while and 
then, the second operation is carried out. In the second 
operation, an adsorbing operation with regard to the 
second adsorbing element (82) and a regenerating op- 
eration with regard to the first adsorbing element (81) 
are carried out. 

[0092] In order to switch from the first operation to the 
second operation, the shutter plate (162) of the switch- 
ing shutter (160) moves to such a position as to cover 
the left half of the regenerative heat exchanger (92). As 
shown in Fig. 3(b), the cooling-side passages (86) of the 
second adsorbing element (82) and the humidity-con- 
trol-side passages (85) of the first adsorbing element 
(81) communicate with each other in this state. 
[0093] The first air is introduced from the lower left 
side face of the second adsorbing element (82) into the 
humidity-control-side passages (85). In the humidity- 
control-side passages (85), the first air flows from the 
lower left side toward the upper right side and water va- 
por included in the first air is adsorbed by the adsorbent. 
The first air dehumidified in the humidity-control-side 
passages (85) flows out from the upper right side face 
of the first adsorbing element (81). The first air flowing 
out of the second adsorbing element (82) is supplied into 
the room during the dehumidifying operation and dis- 
charged outside the room during the humidifying oper- 
ation. 

[0094] On the other hand, the second air is introduced 
from the upper left side face of the second adsorbing 
element (82) into the cooling-side passages (86). In the 
cooling-side passages (86), the second air flows from 
the upper left side toward the lower right side and ab- 
sorbs heat of adsorption generated in the humidity-con- 
trol-side passages (85). In other words, the second air 



flows through the cooling-side passages (86) as cooling 
fluid. Then, the second air flows out of the second ad- 
sorbing element (82) and is sent to the regenerative heat 
exchanger (92). In the regenerative heat exchanger 
(92), the second air is heated by heat exchange with the 
refrigerant. 

[0095] The second air heated in the second adsorbing 
element (82) and the regenerative heat exchanger (92) 
is introduced from the upper left side face of the first 
adsorbing element (81) into the humidity-control-side 
passages (85). In the humidity-control-side passages 
(85), the second airflows from the upper left side toward 
the lower right side. In the humidity-control-side passag- 
es (85), the adsorbent is heated by the second air and 
water vapor is desorbed from the adsorbent. In other 
words, regeneration of the adsorbent is carried out. The 
water vapor desorbed from the adsorbent flows out of 
the first adsorbing element (81 ) together with the second 
air. The second air to which water vapor is applied in the 
first adsorbing element (81) is discharged outside the 
room during the dehumidifying operation and supplied 
into the room during the humidifying operation. 
[0096] As described above, the first air is dehumidi- 
fied in the second adsorbing element (82) and the ad- 
sorbent in the first adsorbing element (81) is regenerat- 
ed in the second operation. After the second operation 
is continued for a while, the first operation is carried out 
again. 



[0097] A humidity control apparatus according to the 
embodiment 3 of the invention includes one adsorbing 
element (200). The humidity control apparatus takes in 
the first air and the second air and carries out a dehu- 
midifying operation or a humidifying operation while al- 
ternately carrying out a first operation and a second op- 
eration. 

[0098] As shown in Fig. 4, the adsorbing element 
(200) of the present embodiment is formed by alternate- 
ly laminating rectangular flat plate members (83) and 
corrugated plate members (84). The adsorbing element 
(200) is formed similarly to that of the embodiment 1 ex- 
cept its entire shape. 

[0099] To put it concretely, the adsorbing element 
(200) is formed in a shape of a rectangular parallelepi- 
ped which is long in a lateral direction and rather flat as 
a whole. In this adsorbing element (200), the flat plate 
members (83) and the corrugated plate members (84) 
are laminated in a longitudinal direction. Humidity-con- 
trol-side passages (85) are open in front and back faces 
in Fig. 4 and cooling-side passages (86) are open in up- 
per and lower faces in Fig. 4. The adsorbing element 
(200) is divided into a first portion (201) and a second 
portion (202). In other words, a left half of the adsorbing 
element (200) is the first portion (201) and a right half is 
the second portion (202). 

[0100] As shown in Fig. 5, in the humidity control ap- 
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paratus of the embodiment, a right air flow path (211), 
a central airflow path (212), and a left airflow path (213) 
are formed in parallel to each other. Through the right 
air flow path (211) and the left air flow path (213), the 
first air circulates from below upward in Fig. 5. Through 
the central air flow path (21 2), the second air circulates 
from above downward in Fig. 5. In the humidity control 
apparatus, a right cooling air flow path (214) and a left 
cooling air flow path (21 5) are formed. The right cooling 
air flow path (21 4) is formed to be orthogonal to the right 
air flow path (211). The left cooling air flow path (215) 
is formed to be orthogonal to the left airflow path (213). 
[0101] The adsorbing element (200) is disposed in 
such an attitude as to be orthogonal to the respective 
air flow paths and as to be able to slide leftward and 
rightward in Fig. 5. To put it concretely, by linearly mov- 
ing in a longitudinal direction, the adsorbing element 
(200) is switched between a state in which the first por- 
tion (201) extends across the left air flow path (213) and 
the left cooling air flow path (21 5) and the second portion 
(202) extends across the central air flow path (212) and 
a state in which the first portion (201) extends across 
the central airflow path (212) and the second portion 
(202) extends across the right airflow path (211) and 
the right cooling airflow path (214). 
[0102] The regenerative heat exchanger (92) which is 
a heater is provided upstream from the adsorbing ele- 
ment (200) in the central airflow path (212). The regen- 
erative heat exchanger (92) is connected to a refrigerant 
circuit of a refrigerator and functions as a condenser for 
the refrigerant. 

[0103] In the humidity control apparatus, a mixture of 
room air and outside air is used as the second air. The 
humidity control apparatus is provided with a tempera- 
ture sensor for detecting a temperature of the room air 
and a temperature sensor for detecting a temperature 
of the outside air. The humidity control apparatus ad- 
justs a mixture ratio between the room air and the out- 
side air constituting the second air based on tempera- 
tures detected by both the temperature sensors. In 
these points, the embodiment is similar to the above em- 
bodiment 1 . 

Operation 

[0104] As described above, the humidity control ap- 
paratus takes in the first air and the second air and car- 
ries out the dehumidifying operation and the humidifying 
operation while switching between the operations. The 
humidity control apparatus carries out the dehumidifying 
operation and the humidifying operation by alternately 
repeating a first operation and a second operation. 
[0105] The humidity control apparatus takes in the 
outside air as the first air during the dehumidifying op- 
eration and takes in the room air as the first air during 
the humidifying operation. On the other hand, the hu- 
midity control apparatus uses the mixture of the room 
air and the outside air as the second air during both the 



dehumidifying and humidifying operations. Operation 
for adjusting mixture of the room air and the outside air 
is similar to that in the embodiment 1 . 

5 «First operation» 

[0106] In the first operation, an adsorbing operation 
with regard to the first portion (201) of the adsorbing el- 
ement (200) and a regenerating operation with regard 

10 to the second portion (202) are carried out. In other 
words, in the first operation, moisture in the first air is 
adsorbed by the first portion (201) of the adsorbing ele- 
ment (200) and moisture desorbed from the second por- 
tion (202) is applied to the second air. 

is [0107] As shown in Fig. 5(a), during the first opera- 
tion, the adsorbing element (200) is in a state in which 
the first portion (201 ) extends across the left airflow path 
(21 3) and the left cooling air flow path (21 5) and the sec- 
ond portion (202) extends across the central air flow 

20 path (212). 

[0108] In this state, in the first portion (201) ofthe ad- 
sorbing element (200), the first air is introduced into the 
humidity-control-side passages (85) and the second air 
is introduced into the cooling-side passages (86). In the 

25 humidity-control-side passages (85) of the first portion 
(201), water vapor included in the first air Is adsorbed 
by the adsorbent. The first air dehumidified in the hu- 
midity-control-side passages (85) of the first portion 
(201) is sent to the left air flow path (213). 

30 [0109] When the water vapor is adsorbed by the ad- 
sorbent in the humidity-control-side passages (85), heat 
of adsorption is generated. This heat of adsorption is 
absorbed by the second air flowing through the cooling- 
side passages (86) of the first portion (201). In other 

35 words, the second air flows through the cooling-side 
passages (86) as cooling fluid. 

[0110] The second air which has absorbed the heat 
of adsorption in the humidity-control-side passages (85) 
ofthe first portion (201) further absorbs heat of conden- 
se sation of the refrigerant in the regenerative heat ex- 
changer (92) and is introduced into the humidity-control- 
side passages (85) of the second portion (202). In other 
words, the second air is heated both in the cooling-side 
passages (86) of the first portion (201) and the regen- 
ts erative heat exchanger (92) and then introduced into the 
humidity-control-side passages (85) of the second por- 
tion (202). 

[0111] In the humidity-control-side passages (85) of 
the second portion (202), the adsorbent is heated by the 

so second air and water vapor is desorbed from the ad- 
sorbent. In other words, regeneration of the adsorbent 
is carried out. Water vapor desorbed from the adsorbent 
is applied to the second air. The second air humidified 
in the humidity-control-side passages (85) of the second 

55 portion (202) is sent out to the central air flow path (21 2). 
[01 12] During the dehumidifying operation,'the first air 
dehumidified and flowing through the left air flow path 
(213) is supplied into the room and the second air hu- 
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midified and flowing through the central air flow path 
(21 2) is discharged outside the room . During the humid- 
ifying operation, the second air humidified and flowing 
through the central air flow path (212) is supplied into 
the room and the first air dehumidified and flowing 
through the left airflow path (213) is discharged outside 
the room. 

«Second operatic n» 

[01 1 3] The first operation is continued for a while and 
then, the second operation is carried out. In the second 
operation, an adsorbing operation with regard to the 
second portion (202) of the adsorbing element (200) and 
a regenerating operation with regard to the first portion 
(201) are carried out. 

[01 14] in order to switch from the first operation to the 
second operation, the adsorbing element (200) slides to 
the right side in Fig. 5(b) as shown in this drawing. The 
adsorbing element (200) is brought into a state in which 
the first portion (201) extends across the central air flow 
path (212) and the second portion (202) extends across 
the right airflow path (211) and the right cooling airflow 
path (214). 

[0115] In this state, in the second portion (202) of the 
adsorbing element (200), the first air is introduced into 
the humidity-control-side passages (85) and the second 
air is introduced into the cooling-side passages (86). In 
the humidity-control-side passages (85) of the second 
portion (202), water vapor included in the first air is ad- 
sorbed by the adsorbent. The first air dehumidified in 
the humidity-control-side passages (85) of the second 
portion (202) is sent to the right air flow path (211). 
[0116] When the water vapor is adsorbed by the ad- 
sorbent in the humidity-control-side passages (85), heat 
of adsorption is generated. This heat of adsorption is 
absorbed by the second air flowing through the cooling- 
side passages (86) of the second portion (202). In other 
words, the second air flows through the cooling-side 
passages (86) as cooling fluid. 

[0117] The second air which has absorbed the heat 
of adsorption in the humidity-control -side passages (85) 
of the second portion (202) further absorbs heat of con- 
densation of the refrigerant in the regenerative heat ex- 
changer (92) and is introduced into the humidity-control- 
side passages (85) of the first portion (201). In other 
words, the second air is heated both in the cooling-side 
passages (86) of the second portion (202) and the re- 
generative heat exchanger (92) and then introduced into 
the humidity-control-side passages (85) of the first por- 
tion (201). 

[0118] In the humidity-control-side passages (85) of 
the first portion (201), the adsorbent is heated by the 
second air and water vapor is desorbed from the ad- 
sorbent. In other words, regeneration of the adsorbent 
is carried out. Water vapor desorbed from the adsorbent 
is applied to the second air. The second air humidified 
in the humidity-control-side passages (85) of the first 



portion (201 ) is sent out to the central airflow path (21 2). 
[01 19] During the dehumidifying operation, the first air 
dehumidified and flowing through the right air flow path 

(211) is supplied into the room and the second air hu- 
5 midified and flowing through the central air flow path 

(21 2) is discharged outside the room. During the humid- 
ifying operation, the second air humidified and flowing 
through the central air flow path (212) is supplied into 
the room and the first air dehumidified and flowing 

10 through the right air flow path (211) is discharged out- 
side the room. 

[0120] As described above, in the second operation, 
the first air is dehumidified in the second portion (202) 
of the adsorbing element (200) and the adsorbent is re- 
's generated in the first portion (201). After the second op- 
eration is continued for a while, the first operation is car- 
ried out again. 

<Embodiment 4 of the invention> 

20 

[0121] A humidity control apparatus according to the 
fourth embodiment of the invention includes one ad- 
sorbing element (250). The humidity control apparatus 
takes in first air and second air and carries out an ad- 

25 sorbing operation and a regenerating operation with re- 
gard to one adsorbing element (250) in parallel with 
each other. In other words, in the humidity control appa- 
ratus of the present embodiment, dehumidification of air 
by the adsorbing element (250) and regeneration of ad- 

30 sorbent of the adsorbing element (250) are carried out 
simultaneously in parallel. 

[0122] As shown in Fig, 6, the adsorbing element 
(250) of the embodiment is formed in a shape of a 
doughnut or a thick-walled cylinder. In the adsorbing el- 

35 ement (250), humidity-control-side passages (85) and 
cooling-side passages (86) are defined alternately in a 
circumferential direction of the adsorbing element (250). 
The humidity-control-side passages (85) pass through 
the adsorbing element (250) in an axial direction of the 

40 adsorbing element (250). in other words, the humidity- 
control-side passages (85) are open in a front face and 
a back face of the adsorbing element (250). Inner walls 
of the humidity-control-side passages (85) are coated 
with an adsorbent. On the other hand, the cooling-side 

45 passages (86) pass through the adsorbing element 
(250) in a radial direction of the adsorbing element 
(250). In other words, the cooling-side passages (86) 
are open in an outer peripheral face and an inner pe- 
ripheral face of the adsorbing element (250). 

so [0123] As shown in Fig. 7, in the humidity control ap- 
paratus, the adsorbing element (250) is disposed 
astride an adsorption zone (251) and a regeneration 
zone (252). The adsorbing element (250) is continuous- 
ly driven for rotation about an axis passing through a 

55 center of the adsorbing element (250). 

[0124] The humidity control apparatus includes a re- 
frigerant circuit. The refrigerant circuit is a closed circuit 
formed by connecting a compressor, a regenerative 
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heat exchanger (92) as a condenser, an expansion 
valve as an expansion mechanism, and a cooling heat 
exchanger (93) as an evaporator through piping. The 
regenerative heat exchanger (92) forms a heater. The 
refrigerant circuit is formed such that a refrigerant filled 5 
in the circuit is circulated to carry out a refrigeration cycle 
of a vapor-compression type. In Fig. 7, only the regen- 
erative heat exchanger (92) and cooling heat exchanger 
(93) are shown. 

[0125] In the above humidity control apparatus, a mix- 
ture of room air and outside air is used as second air. 
The humidity control apparatus is provided with a tem- 
perature sensor for detecting a temperature of the room 
air and a temperature sensor for detecting a tempera- 
ture of the outside air. The humidity control apparatus 
adjusts a mixture ratio between the room air and the out- 
side air constituting the second air based on tempera- 
tures detected by both the temperature sensors, in 
these points, the embodiment is similar to the above em- 
bodiment 1 . 

Operation 

[0126] The humidity control apparatus takes in the 
first air and the second air and carries out the dehumid- 
ifying operation and the humidifying operation while 
switching between the operations. The humidity control 
apparatus takes in the outside air as the first air during 
the dehumidifying operation and takes in the room air 
as the first air during the humidifying operation. On the 
other hand, the humidity control apparatus uses the mix- 
ture of the room air and the outside air as the second 
air during both the dehumidifying and humidifying oper- 
ations. Operation for adjusting mixture of the room air 
and the outside air is similar to that in the embodiment 1 . 
[0127] In the humidity control apparatus, in a portion 
of the adsorbing element (250) positioned in the adsorp- 
tion zone (251 ) , the first air is introduced into the humid- 
ity-control-side passages (85) of this portion and the 
second air is introduced into the cooling-side passages 
(86) of this portion. At this time, the second air is sent 
into the cooling-side passages (86) from the inner pe- 
ripheral face of the adsorbing element (250). 
[0128] In the adsorption zone (251), water vapor in- 
cluded in the first air is adsorbed by an adsorbent in the 
humidity-control-side passages (85) of the adsorbing el- 
ement (250). When the water vapor is adsorbed by the 
adsorbent in the humidity-control-side passages (85), 
heat of adsorption is generated. The heat of adsorption 
is absorbed by the second air flowing through the cool- 
ing-side passages (86) of the adsorbing element (250). 
[01 29] The first air dehydrated and dehumidified in the 
adsorption zone (251) passes through the cooling heat 
exchanger (93). In the cooling heat exchanger (93), the 
first air carries out heat exchange with the refrigerant 
and radiates heat to the refrigerant. During the dehu- 
midifying operation, the dehumidified and cooled first air 
is supplied into the room. During the humidifying oper- 



ation, the first air which has been dehydrated and heat 
of which has been radiated is discharged outside the 
room. 

[0130] On the other hand, the second air which has 
taken heat of adsorption in the adsorption zone (251) 
passes through the regenerative heat exchanger (92). 
In the regenerative heat exchanger (92), the second air 
carries out heat exchange with the refrigerant and ab- 
sorbs heat of condensation of the refrigerant. The sec- 
ond air heated in the adsorption zone (251) and the re- 
generative heat exchanger (92) is introduced into the 
humidity-control-side passages (85) of the adsorbing el- 
ement (250) positioned in the regeneration zone (252). 
As the adsorbing element (250) rotates, the portion of 
the adsorbing element (250) which has been positioned 
in the adsorption zone (251) moves into the regenera- 
tion zone (252). 

[0131] In the portion of the adsorbing element (250) 
positioned in the regeneration zone (252), the adsorbent 
is heated by the second air and water vapor is desorbed 
from the adsorbent in the humidity-control-side passag- 
es (85) of this portion. In other words, regeneration of 
the adsorbent is carried out. Water vapor desorbed from 
the adsorbent is applied to the second air. The second 
air is discharged outside the room together with the wa- 
ter vapor desorbed from the adsorbent during the dehu- 
midifying operation. The heated and humidified second 
air is supplied into the room during the humidifying op- 
eration. 

<Embodiment 5 of the invention> 

[0132] A humidity control apparatus according to the 
embodiment 5 of the invention is formed by connecting 
two adsorptive heat exchangers (311, 312) to a refrig- 
erant circuit (300) for carrying out a refrigeration cycle. 
The humidity control apparatus carries out a dehumidi- 
fying operation and a humidifying operation while 
switching between the operations by taking in first air 
and second air and supplying one of them to the first 
adsorptive heat exchanger (311) and the other to the 
second adsorptive heat exchanger (312). 
[0133] As shown in Fig. 8, in the refrigerant circuit 
(300), a compressor (301), a four-way selector valve 
(303), and an expansion valve (302) are provided in ad- 
dition to the first and second adsorptive heat exchang- 
ers (311, 312). The refrigerant circuit (300) is filled with 
the refrigerant. The refrigerant circuit (300) is formed 
such that the refrigerant is circulated to carry out a re- 
frigeration cycle of a vapor-compression type. 
[0134] In the refrigerant circuit (300), a discharge side 
of the compressor (301) is connected to a first port of 
the four-way selector valve (303) and a suction side of 
the compressor (301) is connected to a second port of 
the four-way selector valve (303) through piping. An end 
of the first adsorptive heat exchanger (31 1 ) is connected 
to a third port of the four-way selector valve (303) 
through piping. The other end of the first adsorptive heat 



15 



20 



25 



30 



35 



40 



45 



50 



14 



• I 



EP1 450 113 A1 



28 



27 

exchanger (311) is connected to an end of the second 
adsorptive heat exchanger (312) through the expansion 
valve (302) through piping. The other end of the second 
adsorptive heat exchanger (312) is connected to a 
fourth port of the four-way selector valve (303) through 5 
piping. 

[0135] The four-way selector valve (303) is switched 
between a state (a state shown in Fig. 8(a)) in which the 
first port and the fourth port communicate with each oth- 
er and the second port and the third port communicate 
with each other and a state (a state shown in Fig. 8(b)) 
in which the first port and the third port communicate 
with each other and the second port and the fourth port 
communicate with each other. By operating the four-way 
selector valve (303), a switch between a first operation 
in which the second adsorptive heat exchanger (312) 
becomes a condenser and the first adsorptive heat ex- 
changer (31 1) becomes an evaporator and a second op- 
eration in which the first adsorptive heat exchanger 
(311) becomes the condenser and the second adsorp- 
tive heat exchanger (312) becomes the evaporator is 
carried out. 

[0136] As shown in Fig. 9, each of the first and second 
adsorptive heat exchangers (311, 312) is formed of a 
fin-tube heat exchanger of a cross-f in type. To put is con- 
cretely, the first and second adsorptive heat exchangers 
(311, 312) includes a large number of fins (313) formed 
in a shape of a rectangular plate and made of aluminum 
and heat exchanger tubes (314) passing through the 
fins (313) and made of copper. A surface of each the fin 
(313) is coated with an adsorbent. The first and second 
adsorptive heat exchangers (311 , 312) form adsorbing 
elements in which air flowing between the fins (313) is 
brought into contact with the adsorbent and the adsorb- 
ent on the surfaces of the fins (313) is heated or cooled 
by a refrigerant flowing through the heat exchanger 
tubes (314). 

[0137] In the humidity control apparatus, a mixture of 
room air and outside air is used as second air. The hu- 
midity control apparatus is provided with a temperature 
sensor for detecting a temperature of the room air and 
a temperature sensor for detecting a temperature of the 
outside air. The humidity control apparatus adjusts a 
mixture ratio between the room air and the outside air 
constituting the second air based on temperatures de- 
tected by both the temperature sensors. In these points, 
the embodiment is similar to the above embodiment 1 . 

Operation 

[0138] As described above, the humidity control ap- 
paratus takes in the first air and the second air and car- 
ries out the dehumidifying operation and the humidifying 
operation while switching between the operations. The 
humidity control apparatus carries out the dehumidifying 
operation and the humidifying operation by alternately 
repeating a first operation and a second operation. 
[0139] The humidity control apparatus takes in the 



outside air as the first air during the dehumidifying op- 
eration and takes in the room air as the first air during 
the humidifying operation. On the other hand, the hu- 
midity control apparatus uses a mixture of the room air 
and the outside air as the second air during both the 
dehumidifying operation and humidifying operation. Op- 
eration for adjusting mixture of the room air and the out- 
side air is similar to that in the embodiment 1 . 

« First operation» 

[0140] In the first operation, an adsorbing operation 
with regard to the first adsorptive heat exchanger (31 1) 
and a regenerating operation with regard to the second 
adsorptive heat exchanger (312) are carried out. In oth- 
er words, in the first operation, moisture in the first air is 
adsorbed by the first adsorptive heat exchanger (311) 
and moisture desorbed from the second adsorptive heat 
exchanger (312) is applied to the second air. 
[0141] As shown in Fig. 8(a), during the first opera- 
tion, the first air is supplied to the first adsorptive heat 
exchanger (311) and the second air is supplied to the 
second adsorptive heat exchanger (312). The four-way 
selector valve (303) is switched to a state shown in this 
drawing. In the refrigerant circuit (300), the second ad- 
sorptive heat exchanger (31 2) functions as a condenser 
and the first adsorptive heat exchanger (311) functions 
as an evaporator to carry out a refrigeration cycle. 
[0142] The high-temperature and high-pressure re- 
frigerant discharged from the compressor (301) is sent 
to the second adsorptive heat exchanger (312) as a 
heating medium for heating. In the second adsorptive 
heat exchanger (312), the adsorbent on the surfaces of 
the fins (313) is heated by the introduced refrigerant. 
Moisture is desorbed from the heated adsorbent and is 
applied to the second air. The second air applied with 
the moisture in the second adsorptive heat exchanger 
(312) is discharged outside the room during the dehu- 
midifying operation and supplied into the room during 
the humidifying operation. 

[0143] The refrigerant which has radiated heat and 
has been condensed in the second adsorptive heat ex- 
changer (312) is decompressed by the expansion valve 
(302). The refrigerant after decompression is introduced 
into the first adsorptive heat exchanger (311) as a heat- 
ing medium for cooling. Into the first adsorptive heat ex- 
changer (311), the first air is sent. The moisture in the 
first air is adsorbed by the adsorbent of the first adsorp- 
tive heat exchanger (311) and heat of adsorption is gen- 
erated at this time. The refrigerant flowing into the first 
adsorptive heat exchanger (31 1 ) absorbs the heat of ad- 
sorption and evaporates. 

[0144] The first air dehydrated in the first adsorptive 
heat exchanger (311) is supplied into the room during 
the dehumidifying operation and discharged outside the 
room during the humidifying operation. On the other 
hand, the refrigerant which has evaporated in the first 
adsorptive heat exchanger (31 1 ) is drawn into the com- 



15 



20 



25 



30 



35 



40 



45 



50 



15 



29 EP 1 450 

pressor (301). The compressor (301) compresses the 
drawn refrigerant and discharges it. 

«Second operation» 

5 

[0145] The first operation is continued for a while and 
then, the second operation is carried out. In the second 
operation, an adsorbing operation with regard to the 
second adsorptive heat exchanger (312) and a regen- 
erating operation with regard to the first adsorptive heat 10 
exchanger (311) are carried out. 
[01 46] I n order to switch from the first operation to the 
second operation, a switch of air supplied to the adsorp- 
tive heat exchangers (311 , 312) and an operation of the 
four-way selector valve (303) are carried out. As shown 15 
in Fig. 8(b), during the second operation, the second air 
is supplied to the first adsorptive heat exchanger (311) 
and the first air is supplied to the second adsorptive heat 
exchanger (312). The four-way selector valve (303) is 
switched to a state shown in this drawing. In the refrig- 20 
erant circuit (300), the first adsorptive heat exchanger 
(311) functions as a condenser and the second adsorp- 
tive heat exchanger (312) functions as an evaporator to 
carry out a refrigeration cycle. 

[0147] The high-temperature and high-pressure re- 25 
frigerant discharged from the compressor (301) is sent 
to the first adsorptive heat exchanger (31 1 ) as a heating 
medium for heating. In the first adsorptive heat exchang- 
er (31 1), the adsorbent on the surfaces of the fins (313) 
is heated by the introduced refrigerant. Moisture is de- 30 
sorbed from the heated adsorbent and is applied to the 
second air. The second air applied with the moisture in 
the first adsorptive heat exchanger (311) is discharged 
outside the room during the dehumidifying operation 
and supplied into the room during the humidifying oper- 35 
ation. 

[0148] The refrigerant which has radiated heat and 
has been condensed in the first adsorptive heat ex- 
changer (31 1) is decompressed by the expansion valve 
(302) . The refrigerant after decompression is introduced *o 
into the second adsorptive heat exchanger (312) as a 
heating medium for cooling. Into the second adsorptive 
heat exchanger (312), the first air is sent. The moisture 
in the first air is adsorbed by the adsorbent of the second 
adsorptive heat exchanger (312) and heat of adsorption 
is generated at this time. The refrigerant flowing into the 
second adsorptive heat exchanger (312) absorbs the 
heat of adsorption and evaporates. 
[0149] The first air dehydrated in the second adsorp- 
tive heat exchanger (312) is supplied into the room dur- so 
ing the dehumidifying operation and discharged outside 
the room during the humidifying operation. On the other 
hand, the refrigerant which has evaporated in the sec- 
ond adsorptive heat exchanger (31 2) is drawn into the 
compressor (301). The compressor (301) compresses 55 
the drawn refrigerant and discharges it. 
[0150] As described above, in the second operation, 
the first air is dehumidified in the second adsorptive heat 
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exchanger (312) and the adsorbent of the first adsorp- 
tive heat exchanger (311) is regenerated. After the sec- 
ond operation is continued for a while, the first operation 
is carried out again. 

<Other embodiments of the invention> 

[0151] Although the mixture ratio between the room 
air and the outside air in the second air is adjusted based 
on the temperatures of the room air and the outside air 
in the above respective embodiments, the mixture ratio 
may be adjusted as follows instead of the above meth- 
od. 

[0152] First, based on relative humidities of the room 
air and the outside air, the mixture ratio between the 
room air and the outside air in the second air may be 
adjusted. For example, in order to secure an amount of 
moisture desorbed from the adsorbing elements (81, 
82, ...) to sufficiently regenerate the adsorbent, the low- 
er relative humidity of the second air introduced into the 
adsorbing elements (81, 82,...) is advantageous. 
Therefore, the humidity control apparatus adjusts the 
mixture ratio between the room air and the outside air 
in view of the relative humidities of the room air and the 
outside air such that the relative humidity of the second 
air becomes low. 

[01 53] It is also possible to adjust the mixture ratio be- 
tween the room air and the outside air in the second air 
based on the temperature and the relative humidity of 
the room air and the temperature and the relative hu- 
midity of the outside air. For example, in order to secure 
an amount of humidification during the humidifying op- 
eration, it is required that an absolute humidity of the 
second air supplied into the room is increased to be as 
high as possible. On the other hand, if a temperature 
and a relative humidity of air are known, an absolute hu- 
midity of the air can be calculated. Therefore, in such a 
case, the humidity control apparatus obtains absolute 
humidities of the room air and the outside air by a com- 
putation. Then, the humidity control apparatus increas- 
es a proportion of one of the room air and the outside 
air of a higher absolute humidity so as to increase the 
absolute humidity of the second air. 
[0154] Furthermore, in the above embodiments 1 to 
4, a temperature of the first air flowing out of the adsorb- 
ing elements (81, 82, ...) may be used as a parameter 
for adjusting the mixture ratio between the room air and 
the outside air in the second air. 

[0155] In other words, in the adsorbing elements (81 , 
82, ...) of these embodiments, the first air in the humid- 
ity-control-side passages (85) and the second air in the 
cooling-side passages (86) carry out heat exchange 
with each other. During the dehumidifying operation in 
the humidity control apparatus of each of these embod- 
iments, the outside air is used as the first air. Therefore, 
in view of performance of heat exchange of the adsorb- 
ing elements (81 , 82, ...), the temperature of the first air 
before flowing out into the humidity-control-side passag- 
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es (85), i.e., the temperature of the outside air can be 
assumed based on the temperature of the first air after 
flowing out of the humidity-control-side passages (85) 
of the adsorbing elements (81 ,82, . . .). Therefore, by us- 
ing the temperature of the first air after flowing out of the 5 
humidity-control-side passages (85) instead of the tem- 
perature of the outside air, the mixture ratio between the 
room air and the outside air can be adjusted based on 
the temperature of the first air and the temperature of 
the room air. w 
[0156] On the other hand, during the humidifying op- 
eration in the humidity control apparatus of each of 
these embodiments, the room air is used as the first air. 
Therefore, in view of performance of heat exchange of 
the adsorbing elements (81 , 82, ...), the temperature of 15 
the first air before flowing out into the humidity-control- 
side passages (85), i.e., the temperature of the room air 
can be assumed based on the temperature of the first 
air after flowing out of the humidity-control-side passag- 
es (85) of the adsorbing elements (81, 82, ...). There- 20 
fore, by using the temperature of the first air after flowing 
out of the humidity-control -side passages (85) instead 
of the temperature of the room air, the mixture ratio be- 
tween the room air and the outside air can be adjusted 
based on the temperature of the first air and the temper- 25 
ature of the outside air. 

[01 57] Although only the temperature of the air is tak- 
en into consideration in adjusting the mixture ratio in this 
variation, the relative humidities of the room air and the 
outside air and the like may be taken into consideration 30 
in addition to the temperature. 

[0158] Although the first and second adsorbing ele- 
ments (81, 82) are formed into shapes of square col- 
umns in the embodiments 1 and 2, the shapes of the 
adsorbing elements (81 , 82) are not limited to the square 35 
columns but may be hexagonal columns, for example. 
In the adsorbing elements (81 , 82) in shapes of the hex- 
agonal columns, the humidity-control-side passages 
(85) are open in a pair of opposed side faces, the cool- 
ing-side passages (86) are open in another pair of op- *o 
posed side faces, and the other pair of opposed side 
faces are closed. 

INDUSTRIAL APPLICABILITY 

45 

[0159] As described above, the present invention is 
useful in a humidity control apparatus for controlling a 
humidity of air. 



Claims 

1 . A humidity control apparatus fortaking in air, for hu- 
midifying or dehumidifying the air, and for supplying 
the air into a room and 

the humidity control apparatus comprising ad- 
sorbing elements (81, 82, ...) in which a humidity- 
control-side passage (85) for bringing circulating air 
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into contact with an adsorbent and a heater (92) for 
heating air supplied to the humidity-control-side 
passage (85) of the adsorbing elements (81 , 82, . . .) 
for regenerating the adsorbent, 

the humidity control apparatus carrying out an 
adsorbing operation for introducing first air into the 
humidity-control-side passage (85) of the adsorbing 
elements (81 , 82, ...) to cause the adsorbent to ad- 
sorb moisture in the first air and a regenerating op- 
eration for introducing second air which has been 
heated in the heater (92) into the humidity-control- 
side passage (85) of the adsorbing elements (81 , 
82, ...) to desorb the moisture from the adsorbent, 

wherein the second air is formed of a mixture 
of room air and outside air. 

2. The humidity control apparatus according to claim 
1, 

wherein the adsorbing elements (81, 82, ...) 
includes a cooling-side passage (86) through which 
cooling fluid for taking heat of adsorption generated 
in the humidity-control-side passage (85) during the 
adsorbing operation. 

3. The humidity control apparatus according to claim 
2, 

wherein the second air passes through the 
cooling-side passage (86) of the adsorbing ele- 
ments (81, 82, ...) as the cooling fluid and is then 
heated by the heater (92) and introduced into the 
humidity-control-side passage (85) of the adsorbing 
elements (81, 82, ...). 

4. The humidity control apparatus according to any 
one of claims 1 to 3, 

wherein a plurality of adsorbing elements (81 , 
82) are provided and 

a first operation for simultaneously carrying 
out the adsorbing operation by circulating the first 
air through the humidity-control-side passage (85) 
of the first adsorbing element (81 ) and the regener- 
ating operation by circulating the second air through 
the humidity-control-side passage (85) of the sec- 
ond adsorbing element (82) and a second operation 
for simultaneously carrying out the adsorbing oper- 
ation by circulating the first airthrough the humidity- 
control-side passage (85) of the second adsorbing 
element (82) and the regenerating operation by cir- 
culating the second air through the humidity-con- 
trol-side passage (85) of the first adsorbing element 
(81) are alternately carried out. 

5. The humidity control apparatus according to any 
one of claims 1 to 3, 

wherein the one adsorbing element (200) is 
divided into a first portion (201) and the rest, i.e., a 
second portion (202) and 

the adsorbing element (200) is slid to thereby 
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carry out a first operation for simultaneously intro- 
ducing the first air into the humidity-control-side 
passage (85) of the first portion (201) as the adsorb- 
ing operation and introducing the second air into the 
humidity-control-side passage (85) of the second 
portion (202) as the regenerating operation and a 
second operation for simultaneously introducing 
the second air into the humidity-control-side pas- 
sage (85) of the first portion (201) as the regener- 
ating operation and introducing the first air into the 
humidity-control-side passage (85) of the second 
portion (202) as the adsorbing operation while al- 
ternately switching between the operations. 

6. The humidity control apparatus according to any 
one of claims 1 to 3, 

wherein the adsorbing element (250) is 
formed in a shape of a disc through which the hu- 
midity-control-side passage (85) passes in a thick- 
ness direction and is disposed in such an attitude 
as to extend across both a flow path for the first air 
and a flow path for the second air and 

the adsorbing element (250) rotates around 
its central axis, introduces the first air into the hu- 
midity-control-side passage (85) formed in a portion 
of the adsorbing element (250) as the adsorbing op- 
eration, and introduces the second air into humidity- 
control-side passage (85) formed in the rest of the 
adsorbing element (250) as the regenerating oper- 
ation. 

7. The humidity control apparatus according to any 
one of claims I to 3, 

wherein a mixture ratio between the room air 
and the outside air in the second air is adjusted 
based on a temperature of the room air and a tem- 
perature of the outside air. 

8. The humidity control apparatus according to any 
one of claims 1 to 3, 

wherein a mixture ratio between the room air 
and the outside air in the second air is adjusted 
based on a relative humidity of the room air and a 
relative humidity of the outside air. 

9. The humidity control apparatus according to any 
one of claims 1 to 3, 

wherein a mixture ratio between the room air 
and the outside air in the second air is adjusted 
based on a temperature and a relative humidity of 
the room air and a temperature and a relative hu- 
midity of the outside air. 

10. The humidity control apparatus according to claim 
2 or 3, 

wherein an operation in which the outside air 
is used as the first air is carried out and 

a mixture ratio between the room air and the 



outside air in the second air is adjusted based on a 
temperature of the room air and a temperature of 
the first air after flowing out of the adsorbing ele- 
ments (81, 82, ...) during the operation. 

5 

11. The humidity control apparatus according to claim 
2 or 3, 

wherein an operation in which the room air is 
used as the first air is carried out and 
10 a mixture ratio between the room air and the 

outside air in the second air is adjusted based on a 
temperature of the outside air and a temperature of 
the first air after flowing out of the adsorbing ele- 
ments (81, 82, ...) during the operation. 

15 

12. The humidity control apparatus for taking in air, for 
humidifying or dehumidifying the air, and for supply- 
ing the air into a room, 

the humidity control apparatus comprising ad- 
20 sorbing elements (311, 312) for bringing the air 
passing through the adsorbing elements (31 1 , 31 2) 
into contact with an adsorbent and for heating or 
cooling the adsorbent by a heating medium and 
the humidity control apparatus carrying out an 
25 adsorbing operation for supplying first air and the 
heating medium for cooling to the adsorbing ele- 
ments (31 1 , 31 2) to cause the adsorbent to adsorb 
moisture in the first air and a regenerating operation 
for supplying second air and the heating medium 
30 for heating to the adsorbing elements (31 1 , 31 2) to 
desorb the moisture from the adsorbent, 

wherein the second air is formed of a mixture 
of room air and outside air. 

35 13. The humidity control apparatus according to claim 
12, 

wherein a mixture ratio between the room air 
and the outside air in the second air is adjusted 
based on a temperature of the room air and a tem- 
40 perature of the outside air. 

14. The humidity control apparatus according to claim 
12, 

wherein a mixture ratio between the room air 
45 and the outside air in the second air is adjusted 
based on a relative humidity of the room air and a 
relative humidity of the outside air. 

15. The humidity control apparatus according to claim 
50 12, 

wherein a mixture ratio between the room air 
and the outside air in the second air is adjusted 
based on a temperature and a relative humidity of 
the room air and a temperature and a relative hu- 
55 midity of the outside air. 
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